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ORIENTATION OF ZOOPLANKTON TO THE OXYCLINE
IN BIG

SODA LAKE, NEVADA
Michael A. Bozek

Abstract.

—Zooplankton

in

meromictic Big Soda Lake, Nevada, were sampled

species composition and vertical distribution relative to the oxycline.

in

October 1982

to

determine

Moina hutchinsoni was most abundant

in

the

epilimnion, but prior to migrating into the anoxic hypolimnion, it aggregated at the oxycline. Brachionns plicatilis was
most abundant below the oxycline. Concentrations of Brachionus and Moina near the oxycline corresponded with

peaks

productivity found by previous investigators. However, further investigation should be conducted
by zooplankton primarily in the anoxic hypolimnion.

in bacterial

verify feeding

Big Soda Lake

an ectogenic meromictic
near Fallon, Nevada
(39°31'N, 118°52'W). A remnant of pluvial
Lake Lahontan, Big Soda Lake has undergone
considerable change because irrigation of the
surrounding area has increased the water
table and lake level, thus resulting in reduced
salinity and increased chemocline depth
(Hutchinson 1957, Kimmel et al. 1978).
Hutchinson (1957) predicted that meromictic conditions in Big Soda Lake might persist
for several centuries, but Kimmel et al. (1978)
predicted the meromixis would continue for
only several decades. Changes in the physicrater

lake

is

located

cal-chemical properties of the saline lake environment are likely to modify the structure
of the biotic

community

that

is

presently

adapted to Big Soda Lake. The purpose of this
study was to determine the vertical distribution of the major zooplankton taxa relative to
the present location of the oxycline in Big
Soda Lake.

Methods
The

vertical

distribution

of zooplankton

was sampled in Big Soda Lake, Nevada, on
30-31 October 1982. Zooplankton were sampled at 2-m intervals, from the surface to a
depth of 20 m, with additional samples collected at 25, 30, and 35 m. Sampling was
conducted every four hours at 1230, 1630,
2030, 0030, and 0830 during a single 24-hr
period. No sample was collected at 0430. Oxygen, temperature, and conductivity profiles
of the lake were measured using a portable

to

Hydrolab water analyzer unit (Hydrolab Corporation, Austin, Texas).

A

6-1

Van Dorn

bottle

was used

to collect

zooplankton. Each sample was filtered through

63-um mesh Nitex netting and preserved immediately in 10% formalin
60 g/1 sucrose.
All zooplankton were counted and identified
-I-

to species.
Specimens of the cladoceran
Moina hutchinsoni were also differentiated by
sex. Results are

presented for each species as

the percent of the population occurring at
each depth during each sampling period.

Results
Big Soda Lake was stratified during samand oxycline located at 16 cm (Fig. 1). Changes in conductivpling, with the thermocline

indicated that the chemocline was located
32 m.
Eight species of zooplankton were found in
Big Soda Lake. Moina hutchinsoni was the
most abundant species, comprising over 90%
of the individuals collected. An average of 8.8
males and 13.4 females per liter were present
in all samples combined. Rotifers Brachionus
plicatilis and Hexarthra mira averaged 1.1
and 0.9 individuals per liter, respectively.
Less abundant species included Bosmina longirostris, Diaptomus sicilis, Lecane lunaris,
Dropterus sp., and Pohjarthra vulgaris.
ity

at

Moina hutchinsoni was located primarily
the epilimnion during this survey (Fig. 2).
Both males and females appeared to make
vertical migrations during the 24-hr sampling period, but migrations appeared to be
in
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University of Wyoming, Laramie,

Wyoming 82071.
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Fig.

1.

Vertical profiles of conductivity, temperature,

different.

Males

consistently

attained

a

mean depth than females, and proportionally more males entered the anoxic hygreater

polimnion. Aggregations by both sexes were
associated with the 16-m oxycline depth, but
aggregating was more pronounced in males.

During the greatest descent of the
migration, nearly

25%

of the males

vertical

were

lo-

cated within the anoxic hypolimnion.

The

distribution of Brachionus plicatilis

occurred primarily in the anoxic hypolimnion
throughout most of the sample period (Fig. 3).
Plating in Brachionus occurred at 20 m rather
than at the 16-m oxycline depth found in
Moina. At least 50% and as much as 75% of the
Brachionus was always present in the anoxic
hypolimnion.

Discussion
Aggregations of both Moina and Brachionus congregated at or near the oxycline during part of the sampling period. Brachionus

and oxygen

in
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Big Soda Lake, Nevada, 31 October 1982.

was primarily located below the oxycline at 20
m. Moina, however, was more abundant in
the epilmnion and aggregated at the oxycline
prior to entering the anoxic hypolimnion during vertical descents.

Zooplankton

in

Big Soda Lake

may be

ori-

enting to the oxycline to utilize autotrophic
bacteria as a food resource. During stratifica-

chemosynthesis and photosynhypolimnion contribute
greater than 80% of the primary productivity
to Big Soda Lake (Cloern et al. 1983b), with
peak productivity several meters below the
oxycline (depths of 20-25 m) (Axler 1978,
Priscu et al. 1982, Cloern 1983a, 1983b).
Zooplankton are known to concentrate near,
and feed on, autotrophic bacteria occurring
near oxyclines in lakes (Sorokin 1958, Sorokin
and Donato 1975, Takahashi and Ichimura
1968). The largest concentrations of Brachionus in this study occurred at 20 m, which
corresponds to the depth at which maximum
productivity has been reported (Axler et al.
tion, bacterial

thesis in the anoxic
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and female Moina hutchinsoni over a 24-hr period in Big Soda Lake,
each depth is expressed as percent occurrence per sample column.
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Fig. 3.
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Vertical distributions of Brachionus plicatilis over a 24-hr period in Big Soda Lake, Nevada, 31 October 1982.

Abundance

at

each depth

is

expressed as percent occurrence per sample column.

1978, Cloern et al. 1983a, 1983b). No physical-chemical boundary was detected at 20
that might otherwise explain this large aggre-

depth. Although differences in zooplankton

m

density occurred, the vertical distributions of

gation of B rachionus Rotifer tolerance for low

Moina and Brachionus are clearly different
and are related to the oxycline, suggesting

.

some type

may

oxygen levels has been described on several

that

(Larsson 1971, Ruttner-Kolisko
1975, Miracle and Vicenti 1983) and may provide a means to effectively reduce competition with Moina for the food resources in Big

be occurring.
Brachionus and Moina in Big Soda Lake
orient to the oxycline and enter the anoxic
hypolimnion during at least some portion of

occasions

Soda Lake. At this depth Brachionus
deeper than 98% of the migrating Moina.

is

such as occurred in
with foraging.
Physiologically, however, Moina may be able
to access only the top portion of this productivity plate as indicated by its migration
depth. Devol (1981) found that reduced oxygen prevented vertical migration of zooplankton in two British Columbia fjords. If reduced
oxygen decreases the ability of Moina to migrate into the anoxic hypolimnion, then
Moina present in the anoxic hypolimnion may
have been only transient, and aggregations
Vertical

Moina,

migration,

often

is

associated

the day.

of resource partitioning

Food resources located

in

the anoxic

hypolimnion may be one reason for this
anomalous distribution and warrant further

With the continual dilution of
Big Soda Lake from surrounding irrigation,
changes in the structure of the biotic community can be expected to occur. This study
suggests that the present distributions of and
resource partitioning by zooplankton may
change as the physicochemical conditions
governing the location of the oxycline and
productivity of the lake also change.
investigation.
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may indicate that Moina

staged at the oxycline
prior to moving into the anoxic hypolimnion.

Changes in zooplankton density occurred
throughout the study period, which is not

uncommon

in vertical

migration studies of

zooplankton (Miracle 1977, Gophen 1979).
Unfortunately, zooplankton migration studies
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Brunskill 1969, Miracle and Vicente 1983) because the greater time required to collect extra samples increases the time zooplankton
can migrate between sample depths. This
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single, large (6-1) sample was taken at each

I thank Frank J. Rahel, Wayne A. Hubert,
Michael Parker, and Gene R. Wilde for their
helpful review comments on earlier drafts of

this

manuscript.

Literature Cited
Axler,

R P., R M Gersberg. and L J Paulson. 1978.
Primary productivity in meromictic Big Soda
Lake, Nevada. Great Basin Nat. 38: 187-192.

Broher. R

N

1980. Experimental studies on diel vertical

migration. Amer. Soc. Limnol. Oceanogr. Spec.

Symp. No. 3:111-121.
Cloern,

J.

E

,

B. E.

Cole, and

Seasonal changes

in

R. S.

Oremland.

1983a.

the chemical and biological

BOZEK: ZOOPLANKTON ORIENTATION

October 1989

nature of a meromictic lake (Big Soda Lake, Ne-

Miracle. M.

R. 1977. Migration, patchiness,

vada, USA). Hydrobiologia 105: 195-206.

bution

1983b. Autotrophic processes in meromictic
Big Soda Lake, Nevada. Limnol. Oceanogr. 28:
1049-1061.

Arch.
19-37.

Culver, D.

G Brunskill. 1969. Fayetteville
Lake, New York. V. Studies on primary

A.,

Green

and

J.

production and zooplankton in a meromictic marl
lake. Limnol. Oceanogr. 14: 862-873.

Devol, A

H

1981. Vertical distribution of zooplankton

respiration in relation to the intense oxygen mini-

mum
J.

Gophen,

zones in
Plankton Res.

M

two British Columbia
539-602.

fjords.

3:

and diurnal
Lake Kinneret

1979. Bathymetrical distribution

of zooplankton in
with particular emphasis on Mesocijclops
leuckarti (Claus). Hydrobiologia 64: 199-207.

migrations

(Israel)

Hutchinson, G. E 1957. A
Wiley,

Kimmel. B L

New York.
R

M

treatise

on limnology. Vol.

1.

1,015 pp.

Gersberc, L

and

distri-

time and space of planktonic rotifers.
Hydrobiol. Beih. Ergebn. Limnol. 8:
in

MR., and

E. Vicenti. 1983. Vertical distribu-

and rotifer concentrations in the chemocline
of meromictic lakes. Hydrobiologia 104: 259-267.
Priscu, J C R P. Axler. R G Carlton, J E Reuter,
P A Arneson, andC R Goldman 1982. Vertical
profiles of primary productivity, biomass and
physico-chemical properties in meromictic Big
Soda Lake, Nevada, USA. Hvdrobiologia 96:
tion

113-120.
RuTTNER-KoLlSKO,

A. 1975. The vertical distribution of
plankton rotifers in a small alpine lake with a sharp
oxvgen depletion (Lunzer Obersee). Verb.. Internal Verein. Limnol. 19: 1286-1294.
I
1958. Feeding of aquatic invertebrates on
J.
methane and hydrogen-oxydizing bacteria. Micro-

SOROKIN,

biology 28: 916-920.

Paulson, R. P
Axler, andC R. Goldman 1978. Recent changes
in the meromictic status of Big Soda Lake, Nevada. Limnol. Oceanogr. 23: 1021-1025.
.,

Miracle,

539

J

Larrson, P 1971. Vertical distribution of planktonic rotifers in a meromictic lake: Blankvatn near Oslo,
Norway. Norw. J. Zool. 19: 47-75.

and N DONATO. 1975. On the carbon and
metabolism in the meromictic Lake Faro
(Sicily). Hydrobiologia 47: 241-252.
[CHIMURA. 1968. Vertical distribuTAKAHASHI, M
tion and organic matter production of photosynthetic sulfur bacteria in Japanese lakes. Limnol.
Oceanogr. 13:644-655.
Sorokin.

J

I

,

sulfur

wdS

